Abstract Organic and conventional pig farmers' preferences regarding breeding goal traits important in pigs were investigated using an advanced internet-based questionnaire. Farmers were asked what pig traits they spontaneously considered important, to rank 15 given traits and to weigh traits against each other given the estimated genetic change (calculated based on selection index theory). Organic and conventional farmers ranked both functional and production traits highly. For example, more than 70 % of farmers from both production systems ranked piglet survival, fertility, sow longevity, leg health, feed conversion, piglet birth weight, piglet and slaughter pig growth as being of high or moderate importance (1-10/15). Litter size and shoulder ulcers were ranked higher by respondents from conventional farms, while parasite resistance and roughage consumption were ranked higher by respondents from organic farms. Regarding estimated desired genetic change, respondents from organic farms favoured health traits while conventional farmers favoured growth traits. In order to obtain genetic improvement in those traits, farmers gave low priority to carcass quality and litter size. Due to the variations in farmers' breeding goal trait preferences demonstrated here, it is clearly important to take farmers' preferences into consideration when developing future pig breeding strategies.
Background
The market for pig meat changes continuously in response to changes in consumer preferences, societal values and political decisions. As new market trends develop, pig farmers adjust their production, generating new niche production systems. In most cases, the breeding goal of the genetic material used is not related to these production systems. Rydhmer et al. (2014) indicated a need for development of different breeding strategies for such contrasting production systems with added values (e.g. animal welfare and environmental impact). The requirements of different stakeholders in the food chain, e.g. farmers, retailers and consumers, need to be addressed in the development of breeding goals in order to improve the long-term sustainability of animal production (Gamborg et al. 2005) . Moreover, development of sustainable breeding strategies for a specific animal production system (e.g. a niche production system) should start with identification of traits especially important for animals reared in that production environment, followed by investigation of the relative importance of different traits (Boelling et al. 2003) . However, there is generally a lack of knowledge about stakeholder preferences within niche production systems.
Although all stakeholder groups are highly important in the process of developing sustainable breeding strategies for a particular production system, farmers have essential experience and knowledge of how animals function in practice and ultimately decide what animal material they want to use on their farm.
From an international perspective, all Swedish pig production systems can be considered niche production, with added values such as animal welfare (Bonneau et al. 2011) . The main pig production system in Sweden (hereafter referred to as 'conventional production') complies with the relatively strict Swedish animal welfare laws, which in turn are based on societal expectations. For example, since the 1980s, it has been forbidden to keep sows in crates, so sows are kept loose-housed in groups during the dry period (also applies in the EU since 2013) and individually loose-housed together with their piglets during farrowing and the 4-5-week-long suckling period. The main alternative pig production system in Sweden is organic production based on regulations for certification developed from basic principles concerning the environment and human and animal welfare (IFOAM 2005; KRAV 2014 ). These basic principles are reflected in the design of organic production systems, e.g. organic pigs are fed a high proportion of locally produced feedstuff, have access to outdoors and the piglets stay with the sow for longer than piglets in conventional production.
The overall aim of this study was to determine, compare and discuss Swedish conventional and organic farmers' preferences regarding breeding goal traits important for pig production. An advanced internet questionnaire was used to study (1) traits farmers spontaneously stated as important in pigs, (2) how farmers ranked given traits against each other and (3) what genetic changes farmers would like for different traits.
Material and methods
The analysis was conducted using an advanced internet questionnaire developed in a larger research project. In the project, the same methodology was used to assess dairy farmers' preferences as described by Ahlman et al. (2014) . Invitations to complete an internet questionnaire on breeding goal traits important in pigs were sent to pig farmers via e-mail. E-mail addresses were retrieved from the databases of the Swedish Animal Health Service, the Swedish Rural Economy and Agricultural Societies and the Swedish organic certification organisation KRAV. In total, invitations were sent out to 522 pig farmers, corresponding to approximately 50 % of pig farmers in Sweden at that time. The questionnaire was open from 23 February to 30 March 2012. Swedish pig farmers generally have good computer skills, and farmers with e-mail addresses registered in the databases mentioned above were expected to check their e-mails on a weekly basis. The first invitation to the questionnaire was followed by two reminders at approximately 2-week intervals. The respondents could open the questionnaire several times as long as they did not click finish and submit their answers. Once submitted, their answers were recorded and each respondent's individual link to the questionnaire was closed.
Internet-based questionnaire
The questionnaire consisted of four parts, in which respondents were asked to the following:
1. State (in free text) traits they spontaneously considered important for their farm 2. Rank 15 given traits against each other 3. Weigh traits against each other given the estimated genetic change 4. Answer general questions about themselves and their farm We estimate that it took between 15 and 45 min to answer the questionnaire.
Part 1
Respondents were asked to state traits they spontaneously considered important in pigs on their farm. The respondents used their own words to describe each trait in a separate textbox. Ten textboxes were available. Although the words used differed between respondents, the answers included only 12 traits in total. Respondents' statements were later transformed into binary classes (trait mentioned/not mentioned). All answers given by the respondents were included in this transformation.
Part 2
Respondents were asked to rank 15 given traits against each other, from most to least important. The traits were chosen to represent both production traits and functional traits and also both traditional and potential future breeding goal traits (e.g. roughage consumption and parasite resistance, traits not included or phenotypically measured in current breeding programmes) ( Table 1) . Respondents were asked to imagine one superior breed that holds all the valuable traits in both dam and sire breeds and thereby represents the hybrid sows and terminal pigs in commercial production. All traits were defined so that an increase was favourable. The order in which the traits were presented to each respondent varied randomly between questionnaires, to prevent bias. The respondents had to rank all traits before they could continue to part 3.
Part 3
Respondents were asked to weigh traits against each other, and the genetic change for each trait was estimated based on a selection index included in the questionnaire. This part of the questionnaire was more complicated to respond to than general questionnaires, and therefore an instruction video was included. Each respondent assigned weights to the five traits that respondent had ranked highest (1-5/15) in part 2, i.e. different traits were shown to different respondents. Each of the chosen five traits could be given a weight from 0 to 100, and the weights given to all five traits had to add up to 100. The respondent allocated weights to the traits and, the expected genetic change was then calculated and displayed to respondent in the units presented in Table 1 . It was possible to reallocate the weightings if the genetic change for the five traits was not acceptable. This procedure could be repeated indefinitely, and only the weights and genetic change given in the last run before submission were recorded. The traits ranked 6-15 in part 2 were included in the selection index, but the genetic changes in these traits were not shown to the respondent. The weight of these traits was set to zero, and the correlated responses were calculated.
The genetic change presented was calculated based on selection index theory. The information was based on 400 half sibs per individual, with one measurement per trait. The intensity of selection was 2.421 (corresponding to 2 % selected proportion). The descriptive parameters used are given in Table 2 .
The genetic and phenotypic parameters used in the selection index were based on literature survey (Tables 1 and 3). These parameters include heritabilities for all the traits, providing information on the proportion of genetic contribution to the phenotypic expression of the trait.
Estimates from Swedish production systems or from studies based on similar production conditions were prioritised. In cases where genetic and/or phenotypic parameters could not be found in the literature, parameters were derived from information about genetic parameters for similar traits and the underlying biological associations. The genetic and phenotypic correlation matrices developed were found to be positive definite, and no bending procedure was needed. Because of large variation in phenotypic variance between traits, phenotypic variances were converted to standardised values by dividing them by the corresponding genetic variance. The estimated genetic change was transformed to the original units before being presented to the respondents.
Part 4
Finally, the respondents were asked about farm characteristics such as production type (e.g. piglet and/or slaughter pigs), certification of production (i.e. organic or conventional) and basic information about themselves (e.g. gender and age). Heritabilities on the diagonal, genetic correlations above the diagonal and phenotypic correlations below the diagonal a Bereskin (1979) , Lundeheim (1979) , Stewart and Hale (1988) , Webb (1989) , Stern et al. (1995) , Knapp et al. (1997) , ten Napel et al. Lundgren et al. (2010 Lundgren et al. ( , 2012 Lundgren et al. ( , 2014 ) tests were performed using procedure FREQ and analysis of variance was performed using procedure GLM. Residuals of all dependent parameters in the analysis of variance were examined for normal distribution using procedure UNIVARIATE, considering the Shapiro-Wilk test for normality and a normal probability plot, and all were found to be normally distributed.
The ranks (1 to 15) given to the 15 given traits in part 2 of the questionnaire were transformed into three rank classes: High (ranks 1-5), medium (ranks 6-10) and low (ranks 11-15). Differences in proportion of respondents ranking each trait high, medium and low in the organic and conventional systems were analysed by χ 2 tests. Differences in the desired genetic change for the 15 given traits between organic and conventional farmers were analysed with a statistical model (model 1) including the fixed effects of production system (organic or conventional), production type (piglet producer, slaughter pig producer or integrated piglet and slaughter pig producer), respondent gender (male or female) and the interaction between production system and production type. Respondent age was included as a continuous covariate.
Differences in the desired genetic change for each trait were also analysed in datasets only including the respondents that had ranked that specific trait among the five highest, i.e. excluding the respondents who were not shown the estimated genetic change for that specific trait. These datasets were analysed with a statistical model (model 2) including the fixed effects of production system, production type and respondent gender. Respondent age was included as a continuous covariate.
Results
The number of farmers that started to complete the questionnaire was 274 (52 % of those invited) and 120 submitted their answers (44 % of the 274 farmers who started to complete the questionnaire). Essential information about production system or production type was lacking for 10 of these 120 respondents. Of the 110 respondents included in the statistical analyses, 16 (15 %) represented farms certified according to organic regulations (i.e. >90 % of organic pig farmers in Sweden answered the questionnaire) and 94 (85 %) represented conventional farms.
The proportion of respondents from farms specialising in piglet production was 25 and 29 % for organic and conventional farms, respectively, and the proportion of respondents from farms specialising in rearing slaughter pigs was 31 and 22 %, respectively. The largest proportion of the respondents (44 and 49 % of organic and conventional farms, respectively) represented farms with integrated production, i.e. farms with both piglet and slaughter pig production.
Among the respondents from organic farms, 50 % were female, while 29 % of respondents from conventional farms were female. Respondent age ranged from 26 to 82 years, with mean±standard deviation of 49± 8.6 years for respondents from organic farms and 47± 10.7 years for respondents from conventional farms.
On average, the respondents spontaneously listed (mean±standard deviation) 3±2.0 traits as important in pigs. Characteristics related to leg health and feed conversion were considered important by more than 50 and 30 % of respondents from organic and conventional farms, respectively. Larger proportions of respondents from conventional farms mentioned growth, sow longevity, fertility and shoulder ulcers as important traits, whereas larger proportions of respondents from organic farms mentioned traits related to leg health, general health and piglet survival as important (Fig. 1) .
Analysis based on the respondents' ranking of the 15 given traits revealed that the traits ranked highest among conventional farmers related to piglet production, e.g. piglet survival, fertility, litter size and sow longevity (Fig. 2) . The traits ranked highest (by 50 % or more of respondents) among organic farmers were fertility, piglet survival, leg health, feed conversion and disease resistance highly. According to the χ 2 tests on differences in rank between organic and conventional respondents, litter size and shoulder ulcers were ranked higher (high or medium) by respondents from conventional farms (p=0.002 and p=0.018, respectively). Parasite resistance and roughage consumption were ranked higher by respondents from organic farms (p<0.001 and p=0.014, respectively).
Based on the desired genetic change expressed in part 3 of the questionnaire, respondents from organic farms rated disease and parasite resistance more highly than respondents from conventional farms (Table 4) .
However, when only the respondents ranking these traits among the five highest (i.e. those shown the estimated genetic change for the specific trait) were included in the analysis, this difference disappeared. On average, the weighing performed by respondents from both organic and conventional farms resulted in decreased litter size, meat percentage and meat quality (Table 4) . The average estimated genetic change in piglet birth weight and growth (in both piglets and slaughter pigs) was twice as high for respondents from conventional farms as for respondents from organic farms (Table 4) . Accordingly, corresponding differences (p<0.1) were found for piglet birth weight and slaughter pig growth in the analyses only including respondents ranking the specific traits highly (ranks 1-5) (Table 5 ).
Significant levels for the effects included in the statistical model used when analysing the whole dataset (model 1) are presented in Table 6 . Production type affected desired genetic change for eight of the 15 traits analysed (p<0.1). Respondent gender affected desired genetic change in feed conversion, slaughter pig growth and meat quality, indicating that production traits were considered more important by men. Age affected desired genetic change in disease resistance, indicating that concern about this trait increases with age. There were interactions (p<0.1) between production system and production type indicating that piglet survival was more important for organic piglet farmers than for other types of organic pig farmers (with integrated production or growing/finishing pig production) and all types of conventional pig farmers. Additionally, disease resistance was more important for organic farmers with integrated production than for all other type of farmers.
Discussion
The results obtained in this study indicate high emphasis on reproduction and survival traits among conventional pig farmers in Sweden, while organic farmers emphasise health traits more. Furthermore, regardless of production system, Swedish pig farmers consider both production and functional traits, such as feed conversion, growth, reproduction and health, to be important in pig breeding. Org. Fig. 1 Percentage of respondents from conventional (n=94) and organic (n=16) farms spontaneously stating pig attributes important in their production (attributes pooled into 12 general classes) The significant differences found between conventional and organic farmers' ranking of traits were generally associated with low-ranked traits. The relatively higher rank of parasite resistance and roughage consumption among respondents from organic farms is clearly related to differences in production system. Pigs in organic, but not conventional, farms are kept outdoors on pasture, resulting in a higher parasite load in organically reared pigs. Moreover, only organically reared pigs are provided free access to roughage (Wallenbeck 2009 ). Of the 15 traits that the respondents were asked to rank, roughage consumption and parasite resistance are the only traits not currently included in breeding programmes for the animal material used in the production systems, emphasising the need for different breeding strategies for differing production systems, as suggested previously . It should be noted, however, that roughage consumption and parasite resistance were only mentioned spontaneously by one respondent each (both from organic farms) in part 1 of the questionnaire.
The difference in emphasis given to shoulder ulcers by organic and conventional farmers could be due to differences in management in these production systems. Bedding with smaller amounts of straw is more common on conventional farms, while deep straw bedding is the most common type of bedding on organic farms. Well-managed deep straw bedding gives a soft surface for sows to lie on, whereas hard surfaces increase the risk of shoulder ulcers (Lundgren 2011) .
The reason for the higher ranking of litter size by respondents from conventional farms than those from organic farms is more unclear. It could be argued that litter size has a higher economic impact on conventional farms, as organic pig farmers in Sweden receive a premium (50-100 % higher than conventional) for their produce (Mattsson and Johansson 2010) . Another possible reason could be piglet mortality being considered more of an ethical concern and/or more important in communication with consumers by conventional farmers compared with organic farmers.
The estimated desired genetic change showed that organic farmers rate health-related traits such as leg Fig. 2 Proportion of respondents from conventional (n=94) and organic (n=16) farms ranking each trait 'high' (ranks 1-5) and 'low' (ranks 1-5) and indications of significant differences in rank (according to χhealth and disease resistance more highly than conventional farmers. One underlying reason for this difference is possibly the high emphasis on preventive health strategies originating from the basic organic farming standards and thus influencing the regulations for organic production (IFOAM 2005) . For example, the withdrawal period of products (meat) after medical treatment is double the statutory withdrawal period in Sweden (KRAV 2014). Another reason could be the higher pathogen load and the extensive management practices in organic pig production, which for example put higher pressure on pigs' legs (Heldmer and Lundeheim 2010; Etterlin et al. 2014 ). The results further indicate a numerically higher average desired genetic change in piglet birth weight and in piglet and slaughter pig growth among respondents from conventional farms compared with those from organic farms. This difference was also clear in the results from the analyses only including respondents ranking the specific trait highly (ranks 1-5). This higher emphasis on growth among conventional farmers could possibly be due to a higher economic impact of weight and growth in that production system.
The lower emphasis on increased litter size by organic than conventional farmers, which has also been reported in previous studies (Prunier et al. 2014) , confirms the discrepancy between breeding goals aiming for high litter size and the goals and ambitions set by the farmers regarding piglet vitality and mortality. The acceptance of a reduction in meat quality and meat percentage is probably due to the lack of connection between payment for carcasses and these traits. It is not difficult for farmers to meet the requirements for top payments from Swedish slaughter companies with the genetic material currently used (the same material is used in conventional and organic production in Sweden, bred for high production in international conventional production systems). It should be noted that meat quality was only ranked 1-5 by 13 and 24 % of the respondents from conventional and organic farms, respectively. The corresponding figures for meat percentage were 17 and 6 %. This indicates that these results were largely correlated genetic responses related to weights allocated to other traits. However, the low ranking of these traits also supports the reasoning above.
The proportions of respondents from farms with piglet production (approximately 25 %), slaughter pig production (approximately 25 %) and integrated production (approximately 50 %) reflected the distribution in Respondents could give weights to the five traits they had ranked highest. All other traits were given zero weight a See Table 1 for units Respondents could give weights to the five traits they had ranked highest. All other traits were given zero weight. Only respondents ranking the specific trait among the five highest were included in the analysis a See Table 1 for units   Table 6 Significance levels (p values) for the effects included in the statistical model (production system (organic or conventional), production type (piglet producer, slaughter pig producer or integrated piglet and slaughter pig production), respondent gender (male or female), respondent age and the interaction between production system and production type. n=110 Swedish pig production. It also evened out potential bias towards specific dam or sire traits by the interests of specific groups of farmers. The proportion of respondents from organic farms was 15 %, an overrepresentation of the approximately 2 % of pigs slaughtered in Sweden originating from organic farms. However, considering the low number of organic farmers in Sweden, it was important to include as many of them as possible and we managed to include >90 %, resulting in valid results.
In the statistical model, we adjusted for production type (piglet, slaughter pig or integrated production), as it significantly affected the results for genetic change for feed conversion, fertility, piglet growth, slaughter pig growth, litter size, piglet survival, roughage consumption and sow longevity (p<0.05). All of these traits except roughage consumption is clearly related to either piglet or slaughter pig production. This indicates that our request for respondents to imagine and relate their response to one superior breed that holds all the valuable traits in both dam and sire breeds, and thereby represents the hybrid sows and terminal pigs in commercial production, was not fulfilled. However, it is logical for respondents to answer according to their experiences from their production type and farm, and it was possible to adjust for this effect in the statistical analyses. The aim and design of the advanced internet questionnaire used here was to obtain qualitative rather than quantitative results. Taking the high information load in the answers into account, a response frequency of 44 % among those starting to answer the questionnaire was satisfactory. The selection index used in part 3 of the questionnaire is a novel method for assessment of breeding trait preferences that has previously only been used in one study on preferences for breeding goal traits in dairy cows (Ahlman et al. 2014) . One of the advantages with the method is that preferences can be evaluated with a relatively high level of objectivity. One of the disadvantages in the present study was that the farmers could only include the five traits they ranked highest when weighing traits against each other. This meant that they received information on the genetic change that their weighting would cause only for those five traits and not for other traits. The reason for this limitation is that during preliminary testing of the questionnaire, we found that the complexity involved when more than five traits were included influenced the ability and willingness of the respondents to complete the questionnaire, impeding the objective of the study. Moreover, the traits included in the weighing were the five ranked highest by the respondents, so traits ranked 6-15 would have been given low or no weight.
In conclusion, both the conventional and organic farmers studied here wanted increased emphasis on sow longevity and fertility. In order to obtain genetic improvement in those traits, they gave low priority to carcass quality and litter size. Some differences were observed between organic and conventional farmers' preferences for breeding goal traits in pigs, e.g. higher emphasis on fertility and survival traits among conventional farmers and higher emphasis on health traits and piglet survival among organic farmers. Due to the variation in breeding trait preferences found here, we concluded that it is important to take farmers' preferences into consideration when developing future pig breeding strategies.
